There are major discrepancies between recent B-spline R-matrix (BSR) and Dirac Atomic R-matrix Code (DARC) calculations regarding electron-impact excitation rates for transitions in Mg 4+ , with claims that the DARC calculations are much more accurate. To identify possible reasons for these discrepancies and to estimate the accuracy of the various results, we carried out independent BSR calculations with the same 86 target states as in the previous calculations, but with a different and more accurate representation of the target structure. We find close agreement with the previous BSR results for the majority of transitions, thereby confirming their accuracy. At the same time the differences with the DARC results are much more pronounced. The discrepancies in the final results for the collision strengths are mainly due to differences in the structure description, specifically the inclusion of correlation effects, and due to the likely occurrence of pseudoresonances. To further check the convergence of the predicted collision rates, we carried out even more extensive calculations involving 316 states of Mg 4+ . Extending the close-coupling expansion results in major corrections for transitions involving the higher-lying states and allows us to assess the likely uncertainties in the existing datasets.
I. INTRODUCTION
Accurate and reliable electron-impact excitation rates and transition probabilities are required for the modeling and spectroscopic diagnostics of various nonequilibrium astrophysical and laboratory plasmas.
As a common situation for most atomic ions, there is a limited number of measurements available (if there are any at all) for the transition probabilities and especially for the electron-impact excitation rates. Consequently, theoretical predictions are used in most applications. Despite the enormous progress made during the past three decades both in the theory and the computational methods of treating electron collisions with atoms, ions, and molecules, the calculation of collision rates remains a serious challenge for complex many-electron targets. The accuracy of the existing datasets is not well established, and often there are situations when subsequent, more extended calculations suggest considerable corrections to previous results. Even when employing similar scattering models, calculations with different methods or codes may also lead to large discrepancies. A recent example of such a situation is electron-impact excitation of Mg 4+ , which is the subject of the present paper.
Spectral lines of Mg 4+ have been observed in several astrophysical plasmas, including the Sun. Due to their sensitivity to the density and temperature, these lines are used in the diagnostics of such plasmas. Many references and examples are given in the recent publications by Hudson and co-workers [1] , Tayal and Sossah [2] , and Aggarwal and Keenan [3] . All these works employed the advanced R-matrix (close-coupling) method for the collision process, but different computer codes and different representations of the target structure. Hudson et al. [1] reported effective collision strengths for transitions between 37 fine-structure levels of the 2s 2 2p 4 , 2s 2p 5 , 2p 6 , 2s 2 2p 3 3s, and 2s 2 2p 3 3p configurations. [We omit listing the closed (1s 2 ) subshell here and below.] The target wavefunctions were first obtained in the nonrelativistic approximation for 19 LS -coupled target states using the CIV3 code [4] . The configuration interaction (CI) expansion included up to 1350 configurations and 4l correlated orbitals. The RMATRX-1 codes [5] were then employed for the LS scattering calculations, and the Intermediate Coupling Frame Transformation (ICFT) method [6] was applied to generate the intermediate-coupling results. These calculations will be denoted as RM-37 below. Hudson et al. concluded that whilst the overall accuracy is difficult to assess, they expected their results to have an accuracy of ±10%. As will be seen below by comparison with results from other calculations, these uncertainty estimates were most likely far too optimistic.
To begin with, the work of Hudson and co-workers [1] may contain some uncertainties due to the omission of the levels of the 2s 2 2p 3 3d configuration in the n = 3 complex. Tayal and Sossah [2] , therefore, performed a more extensive calculation for e − Mg 4+ collisions. They additionally took into consideration the levels of the 2s 2 2p 3 3d configuration, resulting overall in 86 fine-structure levels. They also improved the target structure description further by employing the extensive multiconfiguration Hartree-Fock (MCHF) method [7] in combination with term-dependent nonorthogonal orbitals, which were individually optimized for the various LS terms. The scattering calculations for the collision rates were performed with the B-spline R-matrix (BSR) method (see [8] for an overview) and a parallelized version of the associated computer code [9] in the semirelativistic Breit-Pauli approximation. One advantage of this approach is the avoidance of pseudoresonances, which were possibly faced by Hudson and Bell [10] in their standard R-matrix calculations with orthogonal orbitals. The calculation of Tayal and Sossah [2] will be denoted as BSR-86 (TS) below.
The effective collision strengths were presented over a wide range of electron temperatures, suitable for modeling the emissions from various types of astrophysical plasmas. Tayal and Sossah [2] estimated the accuracy of their collision rates as ∼ 10% for transitions from the 2s 2 2p 4 levels of the groundstate configuration and somewhat less accurate (∼ 20%) for transitions between excited levels. For higher levels of the 2s 2 2p 3 3d configuration in particular, there may be significant coupling effects from higher states, and thus their results for transitions involving these levels are likely less accurate (∼ 25%).
Recently, Aggarwal and Keenan [3] noted major differences between the RM-37 and BSR-86 (TS) results. They estimated that the BSR-86 (TS) and RM-37 collision strengths differ for about 80% of the transitions by more than 20%, and in most cases the BSR-86 (TS) results are larger. Aggarwal and Keenan [3] suspected (with reasons discussed below in Sec. III) major inaccuracies of the BSR collision strengths, and hence they performed another calculation for e − Mg 4+ collisions.
They included the same 86 levels as in the BSR-86 (TS) model, but they employed a completely different, fully relativistic approach. The target wavefunctions used by Aggarwal and Keenan [3] were generated with the General-purpose Relativistic Atomic Structure Package (GRASP) code based on the j j-coupling scheme. The target configuration expansions included 12 configurations, namely 2s 2 2p 4 , 2s 2p 5 , 2p 6 , 2s 2 2p 3 3l, 2s 2p 4 3l, and 2p 5 3l, respectively. This is less than in the CI expansions of the target states in the RM-37 calculations and certainly in the BSR-86 (TS) model. Due to the limited CI included in the model, the target description is less accurate than in the BSR-86 (TS) and RM-37 models. The subsequent scattering calculations were performed with the Dirac atomic R-matrix code (DARC), which also includes relativistic effects in a systematic way based on the j j-coupling scheme. Both the atomic structure (GRASP) and scattering (DARC) codes are available at the website http://www.apap-network.org/ codes.html. Although they adopted fully relativistic codes for their calculations of both the ionic structure and the collision parameters, Aggarwal and Keenan [3] stressed the well-known fact that relativistic effects are not expected to be very important in the predicted collisions rates for such a comparatively light ion as Mg 4+ . We will denote their calculation by DARC-86.
The comparison between the final collision strengths show significant discrepancies (up to two orders of magnitude) between the DARC-86 and BSR-86 (TS) predictions for over 60% of the transitions at all temperatures. Aggarwal and Keenan [3] stated that the scale of the discrepancies cannot be explained by differences in the atomic structure alone, and therefore the BSR-86 (TS) results should be classified as inaccurate. They also noticed that the BSR collision strengths seem to overestimate the results at higher energies and exhibit incorrect trends regarding the temperature dependence of the predicted collision rates. As a possible reason, they suggested the appearance of pseudoresonances. Finally, they concluded that their DARC-86 collision rates are probably the best available to date and should be adopted for the modeling and diagnostics of plasmas.
The principal motivation for the present work, therefore, was to shed more light on the ongoing discussion by performing an independent calculation for electron collisions with Mg 4+ and thereby to respond to recent demands for uncertainty estimates of theoretical predictions [11, 12] . We also use the BSR approach, but with an entirely different target description, again based on a B-spline expansion. By comparing with other available, and presumably highly accurate, structure-only calculations, we are confident that the present target description is significantly more accurate than any of those used before in scattering calculations. For a proper comparison of the results, we select the same set of 86 target states in the close-coupling (CC) expansion as in previous BSR-86 (TS) and DARC-86 calculations. Our model will be labeled BSR-86. Choosing the same target states allows us to directly draw conclusions regarding the sensitivity of the predictions to the target structure description in the cases of interest.
As a second goal, we wanted to check the convergence of the CC expansion, especially for transitions to higher-lying states. To achieve this, we performed much more extensive calculations, also including the levels of the 2s 2 2p 4 4l and 2s 2p 5 3l configurations for a total of 316 coupled states. This model will be referred to as BSR-316. Note that this extension allows us to consider the important 2s − 3l and 3l − 4l transitions, which may modify the close-coupling effects and change the background collision strengths. Even more important, the inclusion of additional resonance series converging to higher excited levels can change the effective collision strengths significantly for the Mg 4+ ion around the temperature of its formation in solar plasmas. Note that the maximum Mg 4+ abundance in ionization equilibrium of solar plasmas occurs around T e = 2.8 × 10 5 K [13] . This paper is organized as follows. We begin in Sec. II by summarizing the most important features of the present BSR models for the e − Mg 4+ scattering process. This is followed in Sec. III with a presentation and discussion of our present results, in comparison with those from previous calculations. Then we present our most extensive model including 316 target states. We finish with a brief summary and conclusions in Sec. IV. Unless specified otherwise, atomic units are used throughout.
II. COMPUTATIONAL DETAILS

A. Structure calculations
The target states of Mg 4+ in the present calculations were generated by combining the MCHF and the B-spline boxbased multichannel methods [14] . Specifically, the structure of the target expansion was chosen as
Here P nl denotes the orbital of the outer valence electron, while the φ and ϕ functions represent the CI expansions of the corresponding ionic or specific atomic states, respectively. These expansions were generated in separate MCHF calculations for each state. 5 . We found, however, that it is more appropriate to employ separate CI expansions for these states by directly including relaxation and term-dependence effects generated with state-specific one-electron orbitals.
The inner-core (short-range) correlation is accounted for through the CI expansion of the 2s 2 2p 3 and 2s 2p 4 ionic states. These expansions include all single and double excitations from the 2s and 2p orbitals to the 3l and 4l (l = 0 − 3) correlated orbitals. The resulting ionization potentials for all ionic states agreed with the NIST tables [15] within 0.01 eV. To keep the final expansions for the target states to a manageable size, all CI expansions were restricted by dropping contributions with coefficients whose magnitude was less than the cut-off parameter of 0.025. Even though this is a significant reduction of the configuration expansions, we had to compromise in order to make the subsequent scattering calculations feasible on the available computers.
The unknown functions P nl for the outer valence electron were expanded in a B-spline basis, and the corresponding equations were solved subject to the condition that the orbitals vanish at the boundary. The R-matrix radius was set to 12 a 0 , where a 0 = 0.529 × 10 −10 m is the Bohr radius. We employed 82 B-splines of order 8 to span this radial range using a semi-exponential knot grid. The B-spline coefficients for the valence electron orbitals P nl , along with the CI coefficients a
, and e LS J in Eq. (1), were obtained by a variational method through diagonalizing the target Hamiltonian in the Breit-Pauli approximation. Relativistic effects were incorporated through the Darwin, mass velocity, and one-electron spin-orbit operators. This is sufficient to account for the main relativistic corrections for light ions such as Mg 4+ . Since the B-spline bound-state close-coupling calculations generate different nonorthogonal sets of orbitals for each ionic state, their subsequent use is somewhat complicated. Our configuration expansions for the target states contained from 20 to at most 50 configurations for each state. Such expansions can be used in collision calculations with modern computational resources. The present calculated excitation energies of the target states are compared with the available measured values from the NIST compilation [15] and other models in Table I . In addition to the BSR-86 (TS) and GRASP-86 structure results, we include the extensive MCHF calculations by FroeseFischer and Tachiev [16] . The latter calculations were carried out with an extremely large set of configurations and a careful analysis of the convergence was performed. It is generally accepted that this work represents the most accurate calculation for the structure of the lowest excited levels of several O-like ions, including Mg 4+ . As seen from the table, the MCHF and BSR-86 (TS) calculations show the best agreement with the NIST-recommended data, whereas the DARC-86 energies lack considerably in accuracy due to the limited CI expansions used in the target wavefunctions. This indicates large correlation corrections due to CI effects in the case of interest. Except for the finestructure splitting of the 2s 2 2p 4 ground-state configuration, the present BSR-86 excitation energies are also in close agreement with experiment, with deviations of generally less than 0.5%. The larger difference in the fine-structure splitting for the lowest 2s 2 2p 4 configuration is most likely due to restricting the configuration expansion as described above. In spite of the slightly larger deviations in comparison to the MCHF results, we demonstrate below that our wavefunctions accurately represent the main correlation corrections, as well as the interaction between different Rydberg series and termdependence effects. Figure 1 exhibits a comparison of the MCHF oscillator strengths with those from the structure calculations used in the present BSR and the previous BSR-86 (TS) models [2] , as well as the DARC-86 calculations [3] for transitions between all 86 target levels presented in Table I . In the absence of experimental data, we consider the MCHF calculations [16] as the reference to be compared with. These data are also the recommended values in the NIST compilation [15] as the most accurate currently available structure data for Variations in the f -values also lead to different predictions of the lifetimes. A comparison of the lifetimes from the various calculations is shown in Fig. 2 . As expected, the present BSR lifetimes are in closest agreement with the MCHF results [16] . Except for the weak transition (1 − 11) to the (2s 2 2p 3 ( 4 S) 3s) 5 S o 2 state, all our values agree with the MCHF results within 10%. The lifetimes of BSR-86 (TS) [2] agree within 20%, whereas the GRASP results of DARC-86 [3] again exhibit much larger deviations for many levels, both for low-lying and high-lying states. This indicates, once again, that the GRASP configuration expansions are far from converged. Consequently, the accuracy of the predicted collision strengths from the DARC-86 model with these inferior structure data as input are highly questionable. This will be further discussed below.
B. Scattering calculations
We performed two sets of scattering calculations. In the first model, BSR-86, we selected the same set of target states as in the previous BSR-86 (TS) and DARC-86 calculations. Comparison between the predictions from these three 86-state models allows us to directly draw conclusions regarding the sensitivity of the final rate coefficients to the target structure description. In our second model we additionally included the states from the 2s 2 2p 4 4l and 2s 2p 5 3l configurations, yielding 316 levels overall. This BSR-316 model allows us to check the convergence of the CC expansion, especially for transitions to higher-lying states.
The close-coupling equations were solved by means of the R-matrix method, using a parallelized version of the BSR complex [9] . The distinctive feature of the method is the use of B-splines as a universal basis set to represent the scattering orbitals in the inner region of r ≤ a. Hence, the R-matrix expansion in this region takes the form
Here A denotes the antisymmetrization operator, theΦ i are the channel functions constructed from the N-electron target states and the angular and spin coordinates of the projectile, and the splines B j (r) represent the radial part of the continuum orbitals. The χ i are additional (N + 1)-electron bound states. In standard R-matrix calculations [17] , the latter are included one configuration at a time to ensure completeness of the expansion when compensating for orthogonality constraints imposed on the continuum orbitals. The use of nonorthogonal one-electron radial functions in the BSR method, on the other hand, allows us to avoid these configurations for compensating orthogonality restrictions, thereby avoiding the pseudoresonance structure that may appear in calculations with an extensive number of bound channels χ i in the CC expansion.
In the inner region, we used the same B-spline set as for the target description described above. The maximum interval in the B-spline grid was 0.25 a 0 . This is sufficient to cover electron scattering energies up to 50 Ry. Numerical calculations were performed for 60 partial waves, with total electronic angular momentum J = 1/2 − 59/2, for both even and odd parities. In the BSR-86 model, the maximum number of channels in a single partial wave was 388 while it was 1568 in BSR-316. With a basis size of 82 B-splines, this required the diagonalization of matrices with dimensions up to about 32 000 and 130 000, respectively. The former calculations could still be performed on modern desktop machines, while the latter were carried out with parallelized versions of the BSR complex, using supercomputers with distributed memory.
For the outer region we employed the parallel version of the PSTGF program (http://www.apap-network.org/ codes.html). In the resonance region for impact energies below the excitation energy of the highest level included in the CC expansion, we used a fine energy step of 10 −5 z 2 Ry, with z = 4 as the target ionic charge, to properly map those resonances. For energies above the highest excitation threshold included in the CC expansion, the collision strengths vary smoothly, and hence we chose a coarser step of 10 −2 z 2 Ry. Altogether, 51416 energies for the colliding electron were considered in the BSR-86 model and 71376 energies in the BSR-316 model. We calculated collision strengths up to 50 Ry, which is about five times the ionization potential of Mg 4+ . For even higher energies, if needed, we extrapolated Ω using the well-known asymptotic energy dependence of the various transitions. To obtain effective collision strengths Υ(T e ), we convoluted Ω with a Maxwellian distribution for an electron temperature T e , i.e.,
Here E th is the i − j transition energy and k is the Boltzmann constant. We calculated Υ for temperatures between 10 3 and 10 6 K. The entire table with effective collision strengths for all temperatures and transitions included in the BSR-316 model can be found online in the Supplemental Material provided with the present manuscript. 
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III. RESULTS AND DISCUSSION
A. BSR-86 calculations
As our first example, Fig. 3 exhibits the resonance structure of the collision strength Ω for the forbidden M1 transition (2s 2 2p 4 3 P 2 − 2s 2 2p 4 3 P 1 ) and for the dipoleallowed transition (2s 2 2p 4 1 D 2 − 2s 2p
. We see the typical resonance structure for electron−ion scattering that consists of numerous closed-channel resonances, most of which are narrow. This resonance structure provides the dominant part of the collision strength for weak forbidden transitions, but it only yields a relatively small contribution to strong dipole-allowed transitions. Visual comparison with similar plots from the DARC-86 calculation [3] shows good qualitative agreement between the calculations for these two cases. This also indicates that both calculations sufficiently resolve the rich structure. Hence, further increasing the number of energy points would not lead to noticeable corrections.
A global comparison between the present BSR-86 results and the effective collision strengths obtained previously is presented in Fig. 4 at three different temperatures. The best agreement is observed with the BSR-86 (TS) predictions [2] . The average relative deviation is around 8%, which is considered a very good agreement for such type of calculation. Much worse agreement (with average deviations of almost 30%) is observed with the DARC-86 calculations [3] . To some extent the dispersions at all three temperatures are similar to the ones seen for the f -values in Fig. 1 . This is a clear indication that the target structure description is the principal source for the differences. For completeness, Fig. 4 also contains a comparison with the earlier RM-37 results [1] . In addition to only coupling the lowest 37 levels of Mg 4+ , the energy mesh used in the RM-37 calculation is much coarser than in the other calculations. This may lead to a poor account of the resonance contributions. As discussed below, some of the RM-37 collision strengths exhibit apparent pseudoresonance structure. As a result, the average deviation of 44% from the present results is understandable.
As shown by the above comparison, our present work confirms the validity of previous BSR-86 (TS) results [2] . The differences are reasonable and can be explained by the different structure descriptions. This conclusion contradicts the statements of Aggarwal and Keenan [3] , who declared that the BSR-86 (TS) results are incorrect and assessed the corresponding Υ-values as unreliable. They also expressed doubts about the ability of the BSR approach to avoid pseudoresonances, and thereby to generate accurate results in general.
The principal argument of Aggarwal and Keenan [3] is that the BSR Υ-values show a big "hump" at 10 5 K for almost all transitions to the state #86, and that the collision strengths appear to be very much underestimated at low(er) temperatures. Such a dependence of Υ looks unphysical and hence the appearance of pseudoresonances in the BSR-86 (TS) calculation was suggested. Since the suspicion of Aggarwal and Keenan regarding the correctness of the results for state #86 appears to be warranted, we decided to perform a detailed analysis and requested the original values for the collision strength Ω from the authors of [2] . We found that the dense energy mesh in the BSR-86 (TS) calculations ends right below the threshold of this last state and that there is a relatively large gap of 0.02 Ry between the excitation threshold and the next energy point. As a result, the corresponding near-threshold portion of the excitation function is not accounted for properly when calculating Υ for this state. This finding explains the observations of Aggarwal and Keenan, but the problem is actually limited to transitions to state #86. A similar analysis for other states of Mg 4+ does not confirm the conclusions of Aggarwal and Keenan. The extrapolation of their conclusions from a single level to all others is simply not warranted.
Also, the suggested appearance of pseudoresonances in the BSR calculations contradicts the findings of Aggarwal and Keenan [3] that for many transitions (especially from levels below #12) the DARC Υ-values are still much larger, up to two orders of magnitude. The reason given is the large difference in the background collision strengths. One such example is the 10 − 30 (2p 6 1 S 0 − 2s 2 2p 3 3p 3 D 3 ) transition, for which Aggarwal and Keenan exhibit the collision strength in Fig. 6 of [3] . The BSR collision strength for this transition is shown in Fig. 5 . We see close agreement between the BSR-86 and BSR-86 (TS) results. Visual comparison with the DARC-86 predictions reveals drastic deviations in both shape and magnitude. Whereas the BSR calculations exhibit the typical resonance structure consisting of dense but narrow resonances, the DARC cross section is dominated by three intense and broad maxima, which are typical for pseudoresonances. In other words, we arrive at the opposite conclusion compared to Aggarwal and Keenan regarding the possible effect of pseudoresonances on the results. It is also worth noting that the 10 − 30 transition is a strongly forbidden three-electron-jump M3 transition whose strength depends strongly on the correlation corrections in the underlying target description as well as close-coupling effects. Figure 6 exhibits the collision strengths for different models at the electron energy of E = 20 Ry, i.e., above the resonance region. This allows us to compare the background collision strengths. We found close agreement between the BSR-86 and BSR-316 background Ω for the majority of transitions. The differences with the distorted-wave (DW) results of [18] reflect the close-coupling effects and, once again, the different target descriptions. Somewhat surprisingly, however, we notice much larger discrepancies with the RM-37 than with the DW results, even though the former model includes close-coupling and employs relatively accurate target wavefunctions. Such large deviations of the RM-37 collision strengths from both the BSR-86 and DW results again suggests the presence of pseudoresonances for some transitions. This conclusion is supported when plotting the RM-37 data presented in their online tables. For the problematic transitions, i.e., those far away from the diagonal line in Fig. 6 , the RM-37 collision strengths exhibit an unphysical energy dependence, with broad resonances at higher energies. This is indeed a typical situation for R-matrix calculations with the standard Belfast codes, unless special care is taken to avoid these pseudoresonances, as outlined by [19] .
B. BSR-316 calculations
In fact, the lack of balance between the N-electron (target) plus projectile scattering part and the (N + 1)-electron pure bound part of the CC expansion (2) may also have caused the appearance of pseudoresonance structure in the DARC-86 calculations. Their target CI expansions and the (N + 1)-electron χ i functions contain configurations with a 2s hole, whereas no scattering channels with excitations out of the 2s subshell were included. This may have led to an overestimate of the 2s resonance contribution. Figure 7 presents a comparison of effective collision strengths from the present BSR-86 and BSR-316 models. As expected, the corrections for the strong transitions are small and the corresponding rates are expected to be converged. The rate coefficients for all transitions between the lowest 10 levels with configurations 2s 2 2p 4 , 2s 2p 5 , and 2p 6 are stable against changes in the size of the CC expansion, for both strong dipole and weak intercombination transitions.
However, some transitions to the first excited 2s 2 2p 3 3l states already exhibit noticeable changes in their effective collision strengths. There is a typical enhancement due to additional resonances, which was previously pointed out by Fernández-Menchero et al. for Fe 20+ [20] . A more detailed analysis shows that the most dramatic changes occur for the weak two-and three-electron transitions from the 2s 2p 5 and 2p 6 levels to the 2s 2 2p 3 3l states. In these cases, the enhancement of the collision rates is not only due to additional resonance structure but also due to changes (mainly enhancement) of the background collision strengths. The resonance structure for these transitions also changes dramatically due to the inclusion of the 2s 2p 3 3l target states that lead to the appearance of strong resonances with configurations 2s 2p 3 3l 3l .
IV. SUMMARY AND CONCLUSIONS
In response to recent criticism of the BSR method, and in order to resolve the reasons for the large discrepancies between existing datasets, we have presented new extensive calculations of the oscillator strengths and effective collision strengths for the Mg 4+ ion. Significant attention was devoted to the uncertainties in the scattering data due to the target structure description and the size of the close-coupling expansion. Our detailed and comprehensive comparison of the existing datasets allows us to draw conclusions about their likely accuracy.
First, we independently obtained electron-impact excitation collision strengths for the Mg 4+ ion with the same number of target states in the close-coupling expansion as in the recent DARC-86 and BSR-86 (TS) calculations. Comparing the results directly reveals the influence of the different structure descriptions. The good agreement between our oscillator strengths with those from extensive MCHF calculations indicates that our target structure description is the most accurate used so far. The significant differences in the collision strengths seen with the DARC-86 results in many cases suggest that the target structure is the main source of inaccuracy and uncertainty in these calculations, with the largest effects on transitions involving highly excited levels. There are also indications of a remaining pseudoresonance structure in the DARC-86 calculations.
On the other hand, we obtained very reasonable agreement with the results from the previous BSR-86 (TS) calculation [2] , except for excitation of the very last level (#86) at low temperatures. For this particular state, the deviations could simply be explained by too coarse of an energy grid in the near-threshold region of the BSR-86 (TS) calculation. Our findings, therefore, contradict the conclusions of Aggarwal and Keenan [3] regarding a general inaccuracy of the BSR-86 (TS) results. Rather than concentrating on comparing collision strengths for a single level (for which we explained the apparent problem), our conclusions are based on a comprehensive comparison for all transitions.
We also compared the present results with other available datasets. Overall good agreement was obtained with the DW collision strengths of [18] at electron energies above the resonance region. The noticeable difference for some transitions is again connected with the too limited CI expansions in the DW calculations. The largest discrepancies were seen with the RM-37 results [1] . The latter calculations are likely the least accurate due to several reasons, including a still possibly insufficient quality of the target description, a smaller CC expansion, and the indication of pseudoresonances.
Finally, we carried out much more extensive BSR-316 calculations, which additionally included the 2s 2 2p 4 4l and 2s 2p 5 3l target states. This led to the appearance of new resonances. Also, significant corrections were revealed for transitions to high-lying states and between closely-spaced levels. Due to the superior target structure generated in the present work and the larger CC expansions, we believe that the present results are the currently best for electronimpact excitation of Mg 4+ . The differences between the
